Ubiquitin-mediated degradation plays a crucial role in many fundamental biological pathways, including the mediation of cellular responses to changes in environmental conditions. A family of ubiquitin ligase complexes, called SCF complexes, found throughout eukaryotes, is involved in a variety of biological pathways. In Saccharomyces cerevisiae, an SCF complex contains a common set of components, namely, Cdc53p, Skp1p, and Hrt1p. Substrate specificity is defined by a variable component called an F-box protein. The F-box is a ϳ40-amino-acid motif that allows the F-box protein to bind Skp1p. Each SCF complex recognizes different substrates according to which F-box protein is associated with the complex. In yeasts, three SCF complexes have been demonstrated to associate with the ubiquitin-conjugating enzyme Cdc34p and have ubiquitin ligase activity. F-box proteins are not abundant and are unstable. As part of the SCF Met30p complex, the F-box protein Met30p represses methionine biosynthetic gene expression when availability of L-methionine is high. Here we demonstrate that in vivo SCF Met30p complex activity can be regulated by the abundance of Met30p. Furthermore, we provide evidence that Met30p abundance is regulated by the availability of L-methionine. We propose that the cellular responses mediated by an SCF complex are directly regulated by environmental conditions through the control of F-box protein stability.
Protein degradation is an essential regulatory mechanism used by the cell in many fundamental processes, including response to changing environmental conditions. In eukaryotes, a major proteolytic mechanism is the ubiquitin (Ub)-proteasome pathway (10, 12) . Ub is a member of a family of conserved polypeptides that are covalently attached to protein substrates. Reiteration of Ub modification creates a poly-Ub chain on the substrate that is then targeted for degradation by the proteasome, a large multiprotein complex protease. The transfer of Ub to a protein substrate is a multistep process requiring at least three proteins. Free Ub is activated at the expense of ATP by a Ub-activating enzyme, or E1. Activated Ub is then transferred to a Ub-conjugating enzyme, or E2. Ub-ligases, or E3s, facilitate the transfer of Ub from E2 to protein substrate. Some E3s act as intermediary Ub carriers in the transfer of Ub from E2 to substrate (35) , while other E3s act as adapters tethering the E2 to its substrate (6) . A multiprotein complex called the SCF (named after the original components Skp1p, Cdc53p, and F-box protein) complex is represented in all eukaryotic taxa and has recently emerged as a major family of Ub ligases (6, 28, 42) .
In budding yeast, SCF complexes are comprised of a common set of components, namely, Cdc53p (or cullin), Skp1p, and Hrt1p (or Rbx1p or Roc1p) (for reviews, see references 5, 6, 28, and 42) . Each SCF complex also contains an F-box protein, which is responsible for substrate recognition (8, 37) . The F box, a ϳ40-amino-acid motif, is believed to link the F-box protein with the common SCF components by binding Skp1p. Although several F-box proteins exist in the cell, only one F-box protein is present within any one SCF complex (29) .
Thus, a family of complexes that are distinguished by the F-box protein exists. The Ub-conjugating enzyme Cdc34p is associated with several SCF complexes and is necessary for SCFdependent ubiquitination (8, 17, 23, 29, 36, 37, 43) .
Three yeast F-box proteins, Cdc4p, Grr1p, and Met30p, are present within SCF complexes, referred to as SCF Cdc4p , SCF Grr1p , and SCF Met30p , respectively, and have roles in Cdc34p-mediated protein degradation events (6, 42 ). An emerging feature of these three SCF Ub ligases is their dual role in mediating cell cycle progression and metabolism. SCF Cdc4p is required for entry into S phase by degrading the cyclin-dependent kinase-inhibitory protein Sic1p. Additionally, SCF Cdc4p controls the biosynthesis of amino acids and purines (11, 13) by regulating the abundance of the transcription factor Gcn4p (25) . Grr1p regulates G 1 cyclin abundance (2) in addition to playing roles in heavy metal resistance, amino acid transport, cell growth, and glucose repression (4, 9, 14, 15, 20) . SCF Met30p regulates methionine biosynthetic gene expression in addition to playing a positive role in cell cycle progression (16, 29, 30, 40) .
A well-described role for SCF Met30p is its regulation of methionine biosynthesis (29, 32) . The MET genes encode enzymes and transporters necessary for the uptake of inorganic sulfur and its assimilation into methionine and cysteine (39) . A negative feedback loop regulates MET gene expression: cells supplied with L-methionine repress MET gene expression, whereas depression occurs in media lacking L-methionine. The transcription factor Met4p positively regulates methionine biosynthesis. Recently, Met4p was proposed to be a substrate for the SCF Met30p Ub ligase complex (32) . How SCF Met30p activity is regulated by L-methionine is unknown. One means of regulating the activity of some SCF complexes is at the level of substrate recognition. There are well-characterized examples of substrates being phosphorylated prior to their recognition by an SCF complex (42) . However, Met4p modification has not been attributed to phosphorylation, and thus, SCF Met30p complex activity may be regulated by an alternate mechanism.
Here we show that increased Met30p abundance positively regulates SCF Met30p activity. Additionally, we report that Met30p abundance is regulated by the availability of L-methionine. Therefore, SCF Met30p complex activity is, at least partially, regulated at the level of Met30p abundance. Finally, the F-box region of Met30p plays a critical role in regulating Met30p stability in a methionine-dependent manner, suggesting that this sequence may have crucial regulatory roles in addition to linking the F-box protein with the SCF complex. Transformants were sporulated, and asci were dissected onto yeast extract-peptone-dextrose medium. Ura ϩ and His ϩ colonies were identified, one of which we named NMmet30⌬. NMmet30⌬MET25-lacZ is a meiotic product of a cross between C114 and NMmet30⌬. Standard rich (YPD) and defined minimal SD media were prepared as described previously (31) . Transformations were carried out as described previously (7) . For plasmid selection, yeast cells were grown on defined minimal medium supplemented with the appropriate amino acids. For galactose induction, cells were first grown to early logarithmic phase in minimal medium containing sucrose instead of dextrose and then galactose-containing medium (2%) was added and the culture was incubated for a further 3 h. To measure protein half-lives, glutathione S-transferase (GST)-Met30p fusions were transiently induced from the GAL1 promoter for 3 h. Glucose (2%) and cycloheximide (1 mg/ml) were added to repress transcription and translation, respectively. For complementation experiments, patches derived from single colonies were grown under permissive conditions (23°C) and then replica plated and incubated further under nonpermissive conditions of 37°C.
MATERIALS AND METHODS

Yeast
Flow cytometry. Y382 transformants containing pGSTMET30-3 were grown to a density of 5 ϫ 10 6 cells/ml in sucrose-containing medium that lacked methionine. Galactose was added, and the culture was incubated further until cells had become arrested, which occurred within two divisions. Cells were harvested, sonicated, fixed in 70% ethanol, and stored at 4°C. To prepare for flow cytometry, cells were washed once in 10 mM Tris (pH 7.4)-15 mM NaCl and resuspended in the same buffer containing 0.1 mg of RNase A (Roche Molecular Biochemicals) per ml for 1.5 h. The cells were then harvested and resuspended in phosphate-buffered saline at 10 6 cells/ml, and propidium iodide was added to a final concentration of 40 g/ml. Flow cytometry was performed using FACSvantage (Becton Dickinson, Mountain View, Calif.) with an excitation wavelength of 488 nm and monitoring of emission in the f12 channel. Data were collected in the four-parameter list mode of 20,000 cells/run.
Plasmid constructions. Escherichia coli DH5␣ was used to propagate plasmids. Plasmid manipulations used standard protocols (34) . The vector pEG(KG) was used for the expression of GST fusion proteins (26) . Expression of the GST fusion proteins was from the GAL1 promoter. All GST-MET30 fusion constructs were created by cloning PCR-generated DNA fragments using plasmid-borne MET30 DNA as template (pP58, kindly provided by Steve Reed) as described previously (21) . Full-length MET30 was generated using primers 5Ј-TTTTCTA GACATGAGGAGAGAGAGGCAAAGG-3Ј and 5Ј-CCCGTCGACCTAATC ATTGAGATCGAATTTG-3Ј. The primer annealing to the 3Ј end of MET30 incorporated an XbaI restriction site, and the primer annealing to the 5Ј end of MET30 incorporated a SalI restriction site. The PCR product was restricted with XbaI and SalI and ligated into pEG(KG) that had been restricted with the same enzyme to yield plasmid pGSTMet30-3. To generate MET30(⌬185-277), a PCR fragment was amplified from primers 5Ј-CCCTCTAGACATCTACAGAGAAC GGTTCAAAG-3Ј and 5Ј-CCCGTCGACCTAATCATTGAGATCGAATTTG-3Ј. This fragment contained XbaI and SalI restriction enzyme sites and was ligated into pEG(KT) digested with the same enzymes. This yielded a plasmid, pGSTMET30-6, which contained a DNA fragment encoding Met30p residues 277 to 640. A second PCR fragment was amplified using primers 5Ј-AAAAAC CCGGGAATGAGGAGAGAGAGGCAAAGG-3Ј and 5Ј-GGGGTCTAGAA TGCTGATGAAGTCGATCTTGATC-3Ј which incorporated SmaI and XbaI and was ligated into pGSTMET30-6 restricted with the same enzymes yielding plasmid pGSTMET30(⌬185-277). MT839 encoding hemagglutinin (HA)-tagged CDC53 was provided by Mike Tyers.
Protein preparation and Western immunoblotting techniques.
Yeast lysate preparations and Western immunoblotting were carried out as described previously (22) . Data from Western blots detected with ECL or ECLϩ were exposed to film or imaged with a Storm Phosphorimager (Amersham Pharmacia Biotech, Piscataway, N.J.) in the blue fluorescence mode. Quantification of Western blot data used Image Quant image analysis software according to the manufacturer's instructions. Antibodies raised against GST were purchased from Sigma, and antibodies raised against the HA epitope were purchased from Roche Molecular Biochemicals. Antibodies raised against Cdc34p have been previously described (22) .
Assay for MET25-lacZ enzyme activity. ␤-Galactosidase activity was measured as described previously (45) . For repressing conditions, cultures were grown in the presence of 2 mM L-methionine, whereas for nonrepressing conditions, cultures were grown in the absence of L-methionine. Cultures were grown to 10 6 to 10 7 cells/ml in sucrose, filtered, and resuspended in medium containing galactose to induce production of GST or GST-Met30p fusion proteins. Values reported here are the averages from at least two independent assays. ␤-Galactosidase activities were expressed as nanomoles of o-nitrophenyl-␤-D-galactopyranoside hydrolyzed per minute per milligram of protein.
RESULTS
Characterization of GST-Met30p fusion. We tagged Met30p with GST, expressed from the GAL1 promoter (see Materials and Methods), which permits low-level transcription when cells are grown in the presence of dextrose and strongly induces transcription in galactose-grown cells. Therefore, we could analyze GST-Met30p activity when it was either poorly or highly produced. The plasmid pGSTMet30-3 complements the growth defect of a met30-6 temperature-sensitive mutant ( Fig.  1a) and of a met30 null strain (data not shown; see Materials and Methods). Thus, the GST tag does not affect the essential function of Met30p. Since complementation of met30 temperature-sensitive and null mutations by pGSTMet30-3 was achieved on medium containing dextrose as the sole carbon source, low levels of GST-Met30p are sufficient for its function. To test whether low-level production of GST-Met30p correctly regulated MET gene expression, we examined the regulation of the MET25 promoter, whose activity is repressed by L-methionine through the SCF Met30p complex (29) . In cells containing either wild-type MET30 or GST-MET30, expression of a MET25-lacZ fusion was repressed in the presence of 2 mM L-methionine and derepressed in the absence of L-methionine (Fig. 1b) . Thus, the GST-Met30p fusion appears to be functional for MET30 essential function and regulation of MET gene expression.
Met30p is an unstable protein.
To confirm GST-Met30p production, Western immunoblot analysis was performed. Whereas GST was readily detected after the first time point, 60 min, GST-Met30p was detectable only after prolonged incubation of the cells in the presence of galactose (Fig. 1c) , suggesting that Met30p may be an unstable protein. Indeed, a promoter shutoff experiment showed that GST-Met30p is very unstable (Fig. 1d) , like the yeast F-box proteins Cdc4p, Ctf13p, and Grr1p (24, 33, 44) .
Met30p abundance regulates SCF Met30p activity. Since Met30p acts through the SCF Met30p complex to repress MET gene expression (29, 32) , we tested the hypothesis that limiting Met30p abundance is a means of regulating activity of the SCF Met30p complex. We assessed the ability of methionine prototrophs to grow in the absence of L-methionine while overproducing either GST or GST-Met30p. Cells overproducing GST were able to grow in the absence of L-methionine, illustrating the fact that the host strain was indeed a methionine prototroph (Fig. 2a) . The same host strain overproducing GST-Met30p, however, was unable to grow in the absence of L-methionine (Fig. 2a) . Therefore, overproduction of GSTMet30p induces methionine auxotrophy in cells otherwise wild type for methionine biosynthesis.
Methionine auxotrophs arrest growth in the G 1 phase of the cell division cycle (41) . The majority of the cells overproducing GST-Met30p in the absence of methionine were unbudded (data not shown), suggesting a G 1 arrest. To confirm a G 1 arrest, we performed flow cytometry. Y382 cells containing pGSTMET30-3 were grown in sucrose-containing medium that lacked methionine. GST-Met30p production was induced by the addition of galactose. In order to determine DNA content, samples were analyzed by flow cytometry. Induction of GST-Met30p caused cells to be uniformly arrested with 1N DNA content, consistent with our previous observations that methionine auxotrophy had been induced (Fig. 2b) .
To test whether the induced methionine auxotrophy caused by overproduction of GST-Met30p was the result of repression of MET gene expression, we examined the regulation of the MET25 promoter. In cells overproducing GST, expression of a MET25-lacZ gene fusion was repressed in the presence of 2 mM L-methionine (Fig. 2c) . In cells overproducing GSTMet30p, the MET25 promoter was repressed independently of the availability of L-methionine (Fig. 2c) ; however, the levels of repression were not equivalent. When cells were overproducing GST-Met30p, MET25 promoter activity repression was approximately fivefold greater in the presence of L-methionine than in the absence of L-methionine. Thus, overproducing GST-Met30p enhanced the repressing effect of medium containing 2 mM L-methionine. Taken together, these data suggest that the abundance of Met30p regulates methionine biosynthesis.
Met30p abundance is regulated by L-methionine. We tested whether methionine availability regulates Met30p abundance. Y382 cells were grown in medium containing 2% galactose in either the presence or absence of L-methionine. The steadystate abundance of GST-Met30p was elevated 4.5-fold after the addition of L-methionine (Fig. 3a to c) .
Because both GST and GST-Met30p were expressed from the same promoter, it is unlikely that GAL1 promoter activity is affected by L-methionine availability. Therefore, in order to observe a difference in the steady-state abundance of GSTMet30p, we postulated that GST-Met30p stability is altered. To test whether the degradation rate of GST-Met30p is altered by the presence of L-methionine, we measured the half-lives of GST-Met30p in the presence and absence of 2 mM L-methionine. Although we observed that GST-Met30p was slightly unstable in the presence of 2 mM L-methionine, it had a longer half-life than in the absence of L-methionine ( Fig. 3d and e) . Thus, these data indicate that GST-Met30p stability is dependent upon the presence of L-methionine.
To test whether additional SCF components or F-box proteins are affected by L-methionine availability, we measured the steady-state abundances of Cdc34p, GST-Skp1p, and HACdc53p by following the same regimen as described above. The steady-state abundance of Met30p, but of none of the other SCF components tested, is dependent on the availability of L-methionine (Fig. 4) .
We had previously demonstrated that Cdc4p abundance was dependent on the interaction of Cdc4p with Skp1p and proposed that Skp1p shields Cdc4p from degradation events (24) . To investigate whether Met30p abundance was similarly affected, we measured the steady-state level of GST-Met30p in lysate prepared from cells containing the skp1-3 temperaturesensitive mutation that were grown at either the permissive temperature (23°C) or the nonpermissive temperature (37°C) in the presence or absence of 2 mM L-methionine. Figure 5 shows that the steady-state abundance of GST-Met30p is decreased in cells lacking Skp1p activity when cells are grown in the absence of L-methionine. These data suggest that Skp1p may enhance Met30p stability. However, the steady-state abundance of GST-Met30p is unaffected in cells lacking Skp1p activity when cells are grown in the presence of L-methionine. Possibly, the decision to degrade Met30p may be regulated prior to its incorporation into an SCF complex. Alternatively, Skp1p binding to Met30p may be tighter in the presence of
Identification of an L-methionine-responsive element in the Met30p family of proteins. We wished to identify the Met30p element that responds to L-methionine availability. Our previous investigations of Cdc4p demonstrated that the F-box region is partly responsible for regulating Cdc4p abundance (24) . During the analysis of Cdc4p degradation, we had constructed a GST-MET30 fusion containing Met30p residues 176 to 275, which include the Met30p F box. We had previously demonstrated that GST-Met30(176-275)p levels are low, which suggested that we had identified a potential Met30p degradation sequence. We, therefore, tested whether we had identified a region on Met30p that regulated the abundance of Met30p in a manner dependent on the presence of L-methionine. Cells containing plasmids encoding either GST, GST-Met30p, or GST-Met30(176-275)p were grown in the presence or absence of 2 mM L-methionine and induced by the addition of galactose to produce the GST fusion proteins. Western immunoblot analysis demonstrated that the steady-state abundance of both GST-Met30p and GST-Met30(176-275)p was dependent on the presence of L-methionine in the medium whereas the steady-state abundance of GST was unaffected (Fig. 6a) . Thus, we have identified a region of Met30p that responds to the presence of L-methionine in the medium.
We tested whether the degradation rate of Met30(176-275)p was altered depending upon the availability of L-methionine in the medium. Promoter shutoff experiments demonstrated that GST-Met30(176-275)p is more stable in the presence of 2 mM L-methionine (Fig. 6b) . Therefore, Met30p residues 176 to 275 are sufficient to target Met30p for degradation in a manner dependent on the presence of L-methionine.
We next wanted to test whether mutations of Met30p residues 176 to 275 rendered Met30p insensitive to the availability of L-methionine in the medium. We therefore made a deletion of Met30p lacking residues 185 to 277 and measured the ability of the mutant protein to sense L-methionine availability in the medium (Fig. 6c) . The steady-state abundance of the mutant protein is not affected by the availability of L-methionine in the medium (Fig. 6c) . Thus, it appears that we have identified a region that is necessary for the abundance of Met30p to be modulated in a manner dependent on the presence of L-methionine. Database searches revealed that this region is highly conserved in the Met30p family of proteins (Fig. 7) .
DISCUSSION
In this paper, we demonstrate that SCF Met30p activity can be modulated by changes in the abundance of Met30p. Furthermore, repressing levels of L-methionine increases Met30p stability. Finally, we have identified a region on Met30p that is degraded in a methionine-dependent manner.
Why the cell limits F-box protein abundance has been unclear. Potentially, maintaining limiting pools of F-box proteins prevents inter-F-box protein competition for common SCF components. Indeed, inter-F-box protein competition has been invoked to explain genetic interactions between mutants encoding SCF components (20, 22, 24, 29) . The cell may also control F-box protein abundance as a means of regulating SCF complex formation and activity. F-box proteins appear to play FIG. 3 . GST-Met30p steady-state abundance and stability are dependent on methionine availability. (a) Anti-GST and anti-Cdc34p immunoblot analysis of soluble protein extracts from Y382 cells containing either pEG(KG) or pGST-MET30-3, whose expression was induced for 3 h by the addition of galactose. Cdc34p, whose abundance is unaffected by methionine (Fig. 4) , is used as a loading control, and its position is indicated (*). 
FIG. 4. Met30p is the only component of SCF
Met30p whose steady-state abundance is methionine dependent. Y382 cells transformed with the appropriate epitope-tagged plasmid were grown either in the presence (ϩ) or in the absence (Ϫ) of 2 mM methionine. GST-Met30p and GST-Skp1p were detected using anti-GST antibodies (Sigma), Cdc34p was detected by anti-Cdc34p antibodies, and HA-Cdc53p was detected using anti-HA antibodies (Roche Molecular Biochemicals).
FIG. 5. Met30p steady-state abundance is dependent on Skp1p activity. skp1-3-containing cells, transformed with pGSTMET30-3, were grown either in the presence (ϩ) or in the absence (Ϫ) or 2 mM methionine and induced to produce the GST fusion protein for 3 h by the addition of galactose at the indicated temperature.
VOL. 20, 2000 REGULATION OF SCFan essential role in SCF complex activity, by acting as adapters bridging the Ub-conjugating machinery with the protein substrate that is to be ubiquitinated. Regulating the abundance of a particular F-box protein would be a means of regulating the activity of a particular SCF complex. In this paper, we present data that support the notion that a specific SCF activity is regulated by modulating the abundance of the respective F-box protein.
MET30 negatively regulates MET gene expression in the presence of 2 mM L-methionine. We demonstrate that Met30p abundance is limiting for SCF Met30p activity. First, ectopic expression of GST-MET30 from the GAL1 promoter results in methionine auxotrophy in a strain wild type for methionine biosynthesis (Fig. 2a) . Additionally, GST-Met30p overproduction causes a cell cycle arrest when cells are grown in the absence of methionine (Fig. 2b) , an additional hallmark of methionine auxotrophs (41) . Finally, by measuring the activity of the MET25 promoter we demonstrate that increased Met30p abundance represses the transcriptional induction of the MET genes (Fig. 2c) . Indeed, overproducing GST-Met30p in the presence of repressing concentrations of L-methionine enhances the repression of the same reporter (Fig. 2c) . Together, these data demonstrate that the regulation of Met30p abundance plays a key role in regulating SCF Met30p activity. In vitro and in vivo data support the hypothesis that some SCF complexes recognize phosphorylated substrates and do not recognize nonphosphorylated substrates. However, modification of Met4p has not been attributed to phosphorylation (32) . We demonstrate here that an additional means of regulating SCF Met30p complex activity is at the level of F-box protein abundance.
Because SCF Met30p complex activity is required to repress MET gene expression in the presence of L-methionine (29, 32) , we investigated whether Met30p abundance is regulated by the availability of L-methionine. We demonstrate that the steadystate abundance and stability of Met30p are dependent on the availability of L-methionine in the growth medium (Fig. 3) . In the absence of methionine, GST-Met30p has a low abundance and is unstable, whereas in the presence of 2 mM L-methionine, Met30p is more abundant and more stable. Thus, we propose that the availability of L-methionine regulates SCF Met30p activity by regulating Met30p stability (Fig. 8) . These data appear to be at odds with those of Rouillon et al. (32), who did not detect changes in the stability of Met30p according to the availability of L-methionine. Furthermore, Rouillon et al. did not report methionine auxotrophy upon MET30 overexpression. Interestingly, these authors used homocysteine rather than sulfate as a nonrepressing sulfur source. Cells mutant for MET4 can grow on homocysteine (39) , suggesting that full derepression of MET genes is not required for homocysteine metabolism. Additionally, we measured Met30p half-life when cells were in steady-state sulfate or methionine levels, a situation that may be different from that when cells make the transition from a nonpreferred sulfur source to a preferred sulfur source.
How does the methionine-dependent effect on Met30p relate to SCF complex formation? We reveal that the interaction of Met30p with Skp1p is important in order to maintain Met30p stability (Fig. 5) . This is similar to our results with Cdc4p, which demonstrated that the Skp1p-F-box interaction was important to stabilize Cdc4p (24) . Possibly, Skp1p stabilizes F-box proteins by masking adjacent degradation motifs. Our data reported here are consistent with previous reports that have similarly shown that the F-box-Skp1p interaction is important for maintaining Met30p stability (29, 32) . When cells are grown in the absence of methionine, Skp1p may be removed from SCF Met30p , resulting in Met30p degradation. However, in the presence of L-methionine, growth at 37°C did not result in a loss of Met30p. There are a number of possible explanations for this effect. Possibly, the decision to degrade Met30p is made before Met30p enters the SCF complex. Alternatively, the presence of L-methionine could change the interaction between Skp1p and Met30p such that Skp1p is less susceptible to inactivation. Finally, in the presence of L-methionine, an increase in Met30p might be sufficient to increase Skp1p function, similar to what is seen when CDC4 levels are increased in skp1 mutants (1) .
Paradoxically, we have also demonstrated that removal of a region containing the F box of Met30p results in a protein whose abundance is unaffected by the availability of L-methi- onine. How can the apparently contradictory nature of these observations be reconciled? Possibly, the region of Met30p that contains the F box carries out two functions. One function is to bind Skp1p and thus link Met30p with the Ub ligase machinery. A second function may be to target Met30p for degradation. In the absence of L-methionine, loss of Skp1p activity results in Met30p degradation. However, removal of the region containing the F box will also remove the Met30p degradation sequence and result in a protein whose stability is unaffected by the availability of L-methionine. A similar phenomenon is seen in Neurospora crassa. Loss of SCON1, a homologue of Skp1p, results in constitutive activation of the sulfate assimilation pathway. However, mutations of conserved F-box residues within SCON2, the Met30p homologue, lead to constitutive repression of the sulfate assimilation pathway (19) . Our data support the notion that the F-box region is important in regulating Met30p abundance in addition to its role of coordinating SCF complex formation.
The SCF Met30p complex is not the only SCF complex that regulates metabolic processes in yeast. SCF Grr1p mediates glucose repression, and SCF Cdc4p mediates general control of amino acid biosynthesis by targeting the transcriptional activator Gcn4p for degradation (15, 20) . Additionally, both SCF Grr1p and SCF Cdc4p are also involved in regulating cell cycle progression. Potentially, by regulating F-box protein abundance, environmental conditions would impact on both metabolism and cell cycle progression. Indeed, Met30p has a positive influence in G 1 (29; C. Dixon and N. Mathias, unpublished data), and thus methionine availability could determine the length of the G 1 phase of the cell cycle by regulating Met30p stability.
Finally, we have identified a region on Met30p residues which is necessary and sufficient to alter the abundance of the protein dependent upon on the availability of L-methionine. Although GST-Met30(⌬184-277)p confers methionine auxotrophy when overproduced, we were unable to demonstrate that this mutant more efficiently repressed MET gene expression than did wild-type Met30p. Possibly, repression by wildtype Met30p could not be improved upon. Another likely reason is that GST-Met30(⌬185-277)p lacks the F-box motif which is necessary for Skp1p binding and proper complex architecture. Thus, GST-Met30(⌬185-277)p activity may be slightly compromised. Indeed, GST-Met30(⌬185-277)p can complement the met30-6 temperature-sensitive strain only when overproduced and is unable to complement a MET30 null strain (data not shown). The region identified as regulating Met30p stability in a methionine-dependent manner is highly conserved in the Met30p family of proteins (Fig. 7) . In N. crassa and Aspergillus nidulans, Met30p activity is most likely conferred by SCON2 and sconB, respectively (18, 27) . In silico analysis revealed that these proteins, as well as an uncharacterized Schizosaccharomyces pombe protein, contain a motif highly similar to the region of Met30p that imparts Lmethionine-regulated changes in Met30p stability. Thus, we have described a novel mechanism for SCF regulation by the environment; methionine-dependent stabilization of an F-box component of an SCF complex. This mechanism may be conserved for methionine biosynthesis among fungi and may have implications for SCFs controlling glucose and amino acid biosynthesis and transport. 
